Background. Human immunodeficiency virus-infected individuals have increased risk of myocardial infarction (MI); however, the contribution from smoking and potentiating effects of HIV are controversial.
The risk of cardiovascular disease in human immunodeficiency virus (HIV)-infected individuals has been extensively debated over the last decade. In several observational studies, a 1.5-to 2-fold increased risk of myocardial infarction (MI) among HIV-infected individuals was seen [1] [2] [3] [4] . Although prior observational studies have indicated that the higher risk of MI in HIV-infected individuals is due to drug toxicities associated with some antiretroviral drugs [1, [4] [5] [6] [7] , results from the Strategies for Management of Antiretroviral Therapy trial [8] in 2006 indicate that continuous exposure to highly active antiretroviral therapy (HAART) as opposed to drug-sparing regimens (CD4 count-guided HAART) not only reduced the risk of death but also the risk of MI. As such, the mechanisms that drive the association between HIV and risk of MI seem to rely on complex associations of known and unknown factors. In recent years, there has been an ongoing debate about the potential effects of chronic immune activation, persistent inflammation, and accelerated aging on risk of MI [9] . However, it is important to emphasize the effect of factors associated with an HIV-positive status, including ethnicity, socioeconomic factors, and behavioral and lifestyle-associated factors including a high prevalence of conventional cardiovascular disease risk factors.
Smoking is one of the largest contributors to MI worldwide [10] and possibly one of the predominant risk factors for MI among HIV-infected individuals [11] . As smoking is highly prevalent in the HIV-infected population (40%-70%), with rates 2-to 3-fold higher than in the general population and with a high average number of pack-years [12] [13] [14] , smoking has profound health implications for the HIV-infected population [15] [16] [17] [18] [19] . In a recent study by our group [18] , smoking was found to be associated with a 4.4-fold risk of all-cause mortality and a 5.3-fold risk of non-AIDS death. Furthermore, the number of life-years lost due to smoking in the HIV-infected population exceeded the number of life-years lost due to HIV itself [18] . It is therefore important to determine whether smoking has a higher impact on risk of MI among those who are HIV positive than HIV-negative smokers and to estimate to what extent smoking can explain the increased risk of MI in the HIV-infected population. We therefore estimated the risk of MI associated with smoking in HIV-infected individuals compared with that of the background population. In order to estimate the fraction of the risk of MI that could be prevented if the potential risk factors were eliminated, we calculated the population-attributable fraction (PAF) of MI associated with smoking in the Danish HIV-infected population and a matched population control cohort.
METHODS

Setting
As of 1 January 2013 Denmark had a population of 5.6 million, with an estimated HIV prevalence of 0.1% among adults. Treatment of HIV is restricted to 8 specialized centers where patients are seen on an outpatient basis at established intervals of 12-24 weeks. The healthcare in Denmark is universal tax-funded, and antiretroviral treatment is provided free of charge. HAART is prescribed according to national guidelines [20] .
Data Sources
We used the unique 10-digit personal identification number assigned to all individuals in Denmark at birth or upon immigration to track individuals in the national healthcare registries described below.
Danish HIV Cohort Study
The Danish HIV Cohort Study (DHCS) is a nationwide, prospective, population-based cohort study of all Danish HIVinfected individuals treated at Danish hospitals since 1 January 1995; the study has been described in detail elsewhere [21] . DHCS is consecutively enrolling patients newly diagnosed with HIV and immigrants with HIV infection. Data on smoking have been collected prospectively since 2004 and were obtained retrospectively from medical files for patients who died or emigrated prior to 2004. DHCS included data on 6228 individuals diagnosed with HIV before 1 April 2013.
Copenhagen General Population Study
The Copenhagen General Population Study (CGPS) is a prospective cohort study initiated in 2003 and still recruiting individuals randomly selected from greater Copenhagen [22, 23] . Study participants are interviewed about lifestyle and health-related factors.
Danish Civil Registration System
The Danish Civil Registration System, established in 1968, is a national registry that stores information on vital status, residency, and migration for all Danish residents [24] .
Danish National Hospital Registry
The Danish National Hospital Registry (DNHR), established in 1977, records data on all patients discharged from nonpsychiatric hospitals and, since 1995, data on all visits to outpatient departments and emergency clinics in Denmark. Diagnoses were coded by the attending physician according to the International Classification of Diseases, 8th revision (ICD-8), until 31 December 1993 and according to the 10th revision (ICD-10) thereafter [25] .
Danish National Registry of Causes of Death
The Danish National Registry of Causes of Death (DNRCD) contains information from all Danish death certificates since 1970, specifying up to 4 diagnoses according to ICD codes [26] .
Study Population
HIV Cohort
From DHCS we identified all HIV-infected individuals who were alive and living in Denmark at index date, were followed for HIV in Denmark between 1 January 1995 and 1 April 2013, had not reported injection drug use as the route of HIV infection, and had no diagnosis of MI prior to the index date.
General Population Comparison Cohort
The comparison cohort consisted of population controls from the Copenhagen General Population Study that were frequency matched according to gender and 5-year age intervals, with 4 controls per gender-specific age interval (Supplementary Material). The same criteria for inclusion as for the HIVinfected cohort had to be fulfilled.
Outcome
The study outcome was time to incident MI, defined as the first date an individual was registered in the DNHR with 1 of the Exposure Individuals were classified as smokers if they reported to have smoked any kind of tobacco at least once per week. Individuals were categorized as current, previous, or never smokers on the basis of information on smoking status at time of study inclusion and did not change category during the observation period. In some analyses, smoking status was dichotomized into never smoker and ever smoker (current or previous).
Covariates Data on the following covariates were recorded: age (timeupdated variable in 5-year intervals), gender, calendar year (before or after 2005), Danish origin, total cholesterol level and body mass index at date of study inclusion, and a diagnosis of diabetes mellitus or hypertension at or before study inclusion.
In analyses comparing only HIV-infected individuals, we further adjusted for hepatitis C status, baseline CD4 cell count, and AIDS-defining diseases. Definitions and diagnostic codes of the covariates are included in Supplementary Material.
Statistical Analysis
The index date was defined as 1 January 1999, HIV diagnosis, first available data on smoking status, age 40 years, or date of immigration, whichever was more recent. We computed time from index date until date of first MI, death, emigration, loss to follow-up, or 1 April 2013, whichever occurred first. Cumulative incidence functions were used to illustrate time to first diagnosis of MI, recognizing death from causes other than MI as a competing risk. We estimated the incidence rates and the excess incidence rates, and used Poisson regression analysis to compute incidence rate ratios (IRR) and 95% confidence intervals (CI) as a measure of the relative risk. Analyses were adjusted for potential confounders as described above. Interactions of clinical significance were examined using the likelihood ratio test. The PAF (and associated 95% CIs) of MI associated with smoking, which is the fraction of the incidence of MI in the population (exposed vs unexposed) that is associated with the exposure (smoking), was further computed based on the adjusted regression analyses [28] . In a sensitivity analysis, the estimated adjusted IRR (aIRR) and PAF were performed for men only.
SPSS statistical software, version 15.0 (SPSS Inc., Chicago, Illinois), STATA software, version 13.0 (StataCorp, College Station, Texas), and R version 2.11.1 were used for data analysis.
Ethical Approval
Data from DNHR, DNRCD, and DNPR were obtained with approval from the Danish National Board of Health. 
RESULTS
A total of 3765 individuals fulfilled the inclusion criteria, of whom 532 (14.2%) were excluded due to missing data on smoking status, leaving 3233 HIV-infected individuals and 12 932 matched population controls in the study. At baseline, 34.3%, 18.7%, and 47% of the HIV-infected individuals were never, previous, and current smokers compared with 46.0%, 34.4%, and 19.5% of the population controls, respectively. Additional characteristics are provided in Table 1 .
The study gave rise to a total of 18 263 person-years of followup and 95 (2.9%) incident MIs for the HIV cohort and 63 128 person-years of follow-up and 125 (1.0%) incident MIs for the comparison cohort (Table 1) .
The cumulative incidences of MI stratified on HIV status and smoking status are presented in Figure 1 . The relative risk of MI among HIV-infected individuals was more than 2-fold that for the population controls (aIRR, 2.13; 95% CI, 1.47-3.09; Table 2 ). Due to an interaction term between HIV status and smoking status (P value, .02), we further stratified the analyses by smoking status. These analyses showed that HIV infection was associated with increased risk of MI among individuals who reported current or previous smoking (aIRR, 2.83; 95% CI, 1.71-4.70 and aIRR, 1.78; 95% CI, .75-4.24), whereas no such association was found among never smokers (aIRR, 1.01; 95% CI, .41-2.54). When stratifying the analyses by HIV status, the excess and relative risk of MI associated with being a previous or current smoker compared with a never smoker was markedly higher in the HIVinfected population than in the population controls (Table 2 ).
In the HIV-infected cohort, exposure to ever smoking (current and previous smoking) was associated with a PAF of 72% (95% CI, 55%-82%) of all MIs in this population (Figure 2) . In contrast, a much lower PAF associated with ever smoking was found for an age-and gender-matched population control cohort (PAF, 24%; 95% CI, 3%-40%; Figure 2 ). If current smokers could obtain a risk equivalent to that of previous smokers, the number of MIs in the HIV population could be reduced by 42% (95% CI, 21%-57%) and by 21% (95% CI, 12%-28%) in the population of matched population controls (Figure 2) .
Including only men did not change the estimated aIRR or PAFs considerably (Supplementary Material, Tables 1 and 2 ).
DISCUSSION
We found the prevalence of current smoking in the HIV-infected population to be more than 2-fold higher and the increased risk of MI among current smoking HIV-infected individuals to be almost 3-fold compared with current smoking population controls. However, no difference in risk was found between never-smoking individuals (HIV vs controls). The excess risk associated with previous and current smoking was much higher for HIV-infected individuals than for population controls. Ever smoking was associated with more than 70% of all MIs diagnosed in the HIV-infected population but only approximately 25% of all MIs of an age-and gender-matched population cohort. If HIV-infected individuals who currently smoke stopped smoking, more than 40% of all MIs in the HIV population could potentially be prevented The strengths of our study include the use of a populationbased, nationwide cohort of HIV-infected individuals and a well-matched population-based control cohort, both with a long observation period, almost complete follow-up, and access to data on smoking status. High-quality Danish registries provided full access to data on all individuals in the study concerning vital status, hospital contacts, and deaths. As almost all HIV-infected individuals with a history of injection drug use were smokers and differed considerably according to risk-taking behavior and prevalence of comorbidities, these individuals were excluded in order to avoid confounding [29] . Furthermore, IRRs were adjusted for confounders of importance. We estimated the PAF, which has a value in identifying potential priority areas in terms of public health burden. As the distribution of smoking status by sex differed in the 2 cohorts, we performed a sensitivity analysis that included men only. However, this did not have any major impact on the estimates.
The study has some limitations. We had to rely on hospital registry-based discharge diagnoses in order to identify MI, which may have led to misclassification. However, importantly we used the same source of data to ascertain MI diagnosis for both cohorts and included death of presumed ischemic etiology.
Using discharge diagnosis to identify MIs has previously been shown to be valid [30] . However, as we identified our population cohort among voluntary participants in a health study of Danish individuals living in Copenhagen and the DHCS is a population-based nationwide cohort, the 2 cohorts may differ according to ethnicity, socioeconomic status, educational level, sexual orientation, abuse, and health-seeking behavior. We excluded individuals with missing data on smoking status (14%), which may have introduced bias. However, as individuals with no data on smoking were mainly individuals who died before 2004 and individuals in whom death occurred shortly after the HIV diagnosis, our study mainly represents the HIV-infected population and setting as of today. As a clear dose-effect relationship of smoking and MI exists [10] , the intensity, duration, and time since quitting may better predict the risk of MI; however, only categorical baseline measures (current/previous/never smoker) were available. Of note, the PAF assumes causality between the exposure and the outcome. Although our results may rely on the detrimental effects of tobacco, it may also in part reflect differences in behavior and social disparities (low socioeconomic and educational levels) associated with smoking status [17] . As such, we are aware that the results associated with smoking in our study may represent an underlying prevalence of other risk factors associated with being a smoker and do not apply a strict causal association.
A recent study by Freiburg et al [4] , who identified their population controls from a broadly similar demographic, geographic, and behavioral background, found a relative risk of 1.48 of MI in association with HIV, independent of cardiovascular risk factors. This is in agreement with our results of a 2-fold increased risk of MI and the results of previous studies [1, 5, 6, 31] . However, whereas Freiberg et al [4] found a relative risk of 1.75 when their samples were restricted to never smokers, we observed no such difference (aIRR, 1.01; 95% CI, .41-2.54). It cannot be ruled out that this may rely on lack of power. Yet, as we analyzed risk of MI in never-smoking HIVinfected individuals, using data from a nationwide cohort and detecting only a few events, it is crucial to consider that these results might actually illustrate the lack of excess risk associated with being HIV positive among never-smoking individuals.
The present study illustrated a 6-fold increased risk associated with current smoking among HIV-infected individuals. The excess and relative risks were markedly higher than those for other HIV cohorts [4-6, 13, 32] and higher than that associated with current smoking among population controls (aIRR, 2.22; 95% CI, 1.44-3.44). In addition, HIV-infected current smokers had a 2.83 times higher risk of MI than the current smoking population cohort. The magnitude of the MI risk has been shown to be linearly related to the number of cigarettes smoked [10] . Therefore, a high prevalence of heavy smokers among Danish HIV-infected individuals may be a plausible explanation for the observed effect modification. However, we cannot exclude an effect of smoking-associated risk behavior such as high alcohol intake or cocaine abuse, which may be higher among HIV-infected individuals. Furthermore, some of the antiretroviral drugs that have previously been found to be associated with risk of MI in several observational studies [1, [4] [5] [6] [7] 33 ] might potentiate the effect of smoking. Finally, HIV-induced chronic inflammation may exacerbate the detrimental effect of smoking [34] .
In our study, almost three quarters (PAF, 72%; 95% CI, 55%-82%) of all MIs among Danish HIV-infected individuals were attributable to factors associated with ever smoking and could potentially have been prevented if this population had never started smoking. This estimated PAF was much larger than that observed for the population controls of the same age and gender (PAF, 24%; 95% CI, 3%-40%). Yet, the latter result may rely on a lower prevalence of smoking as well as a lower relative risk associated with smoking for the population controls. As the estimated PAF depends on the prevalence and impact of the estimated risk factor in the population, and thus also the composition of the population, the PAF cannot be extrapolated directly between populations, cohorts, and countries. Given the lower prevalence of smoking among women, smoking confers a lower PAF for women than men [10, 12] . As women were underrepresented in our study, we could not generate valid estimates for females, and therefore the results cannot be generalized to women.
Lastly, smoking is associated with a loss of at least 10 years of life expectancy [35] in the general population compared with 12.3 years in the HIV-infected population [18] . Cessation of smoking before age 40 years avoids about 90% of the excess hazards among continued smokers in the general population [35] [36] [37] and more than 97% of the excess mortality if stopping before age 30. In addition, the risk of MI among smokers aged <55 years has been shown to decrease within a few years of quitting to a level similar to that of men who have never smoked [38] . Although, a recent study could not illustrate similar reductions in mortality in association with smoking cessation among HIV-infected individuals, the aIRR of MI for current smokers compared with never smokers decreased from 3.73 to 2.07 among those who had stopped for more than 3 years [39] . Furthermore, the estimated benefit of smoking cessation in the HIV-infected population (PAF, 42%; 95% CI, 21%-57%) was double that found for the comparison cohort (PAF, 21%; 95% CI, 12%-28%). As a high consumption of alcohol, illicit drug use, and collateral psychiatric disorders as well as a lower socioeconomic status are highly associated with smoking in the HIV-infected population and their risk perception moreover might be inaccurate, smoking cessation programs may face numerous barriers prior to success [16, 40, 41] . Considering these results, specific designed interventions to reduce the prevalence of smoking should be highly prioritized, actively pursued, and integrated into modern HIV care.
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